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STENT WITH SELF-DEPLOYABLE PORTION
HAVING WINGS OF DIFFERENT LENGTHS

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a continuation-in-part application of
non-provisional application Ser. No. 11/330,382, entitled
“Stent with Self-Deployable Portion” and filed on Jan. 10,
2006, which is related to and claims the benefit of the follow-
ing prior provisional application Nos. 60/740,935, filed on
Nov. 29, 2005; 60/712,949, filed on Aug. 30, 2005; 60/684,
454, filed on May 24, 2005; and 60/643,062, filed on Jan. 10,
2005. The full disclosures of the aforementioned applications
are incorporated herein by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to medical devices and more
specifically to medical devices used in the treatment of vas-
cular stenoses at or near a bifurcation lesion.

Stenting is a common medical procedure mainly directed
atrevascularization of stenotic vessels where a blocked artery
is dilated and a stent is placed in the artery to maintain vessel
patency following the procedure. A stent is small mesh like
tubular device, usually fabricated from metal, that can be
coated with a drug or a polymer containing a drug.

While stents are successful in treating a variety of lesions in
the vascular system, their success is limited in the treatment of
bifurcation lesions and ostial lesions. Often, during stent
placement in the main vessel at a bifurcation lesion, the stent
mesh blocks access to the side branch thereby disrupting
blood flow patterns and limiting blood flow to the side branch.
Additionally, placing a stent in the side branch of a bifurca-
tion lesion often results in the stent protruding into the main
vessel which can later interfere with stent placement in the
main vessel as well as limiting branch vessel access.

In addition to acute problems such as long procedure time,
complications from stents placed in bifurcation lesions can
result due to the limited side branch access along with the
need to use conventional stents against their intended design
or labeled use. This can compromise long term results result-
ing in a higher rate of restenosis as compared to stenting other
lesions.

One method of using conventional stents in bifurcation
lesions is to deliver a first stent to the main vessel followed by
delivering a second stent to the side branch through the struts
of the main vessel stent. However, this procedure is difficult
since the second stent can get caught while passing through
the first stent. Another commonly used method is to place the
side branch stent before the main vessel stent. In this case,
there could be a gap between the two stents, and restenosis
often occurs in this gap. Alternatively, the gap may be elimi-
nated by delivering the side branch stent with a portion pro-
truding into the main vessel. In this case the protruding stent
will be crushed during delivery and expansion of the main
vessel stent. Results of crushing the side branch stent are hard
to predict and can lead to undesired deformation of the stent
as well as dissection of the blood vessel.

Drug eluting stents have demonstrated clinical success in
the coronary vessels but have failed so far to demonstrate
similar success rates in bifurcation lesions. This outcome is
attributed to the lack of metallic stent coverage in the gap
between the main vessel stent and the side branch stent.
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Conventional stent designs are well disclosed in the prior
art. These designs comprise a number of different stent con-
figurations and geometries along with various coatings and
materials for fabrication. Stainless steel and cobalt chromium
alloys are commonly used for balloon expandable stents
while a nickel titanium alloy is typically employed in self-
expanding stents. The use of self-expanding stents in the
coronary arteries is limited however, due to the need for
accurate sizing and positioning as well as because of the
limited ability for post-delivery stent manipulation required
for optimal stent positioning.

Attempts have been made to design a dedicated stent for
bifurcation lesions. There is a need for ostial side branch
support and local drug delivery to the bifurcation area via a
stent coating. However, current solutions suffer from a num-
ber of shortcomings such as high profile relative to conven-
tional stents, the need for a cumbersome delivery system to
place the stent in the proper location and insufficiently accu-
rate rotational positioning facing the side branch.

Stents with reduced profiles and improved flexibility have
been designed and attempted using self-expanding stents
made from superelastic materials (such as nickel titanium
alloy). These stent devices do not require a balloon to expand
the stent and therefore permit a reduction in profile. However,
self-expanding stents are still difficult to position and deliver
to a target bifurcation site. Once expanded, the nickel tita-
nium stents are not easily manipulated with a balloon nor is
post-delivery dilatation very effective.

Both balloon expandable stents and self-expanding stents
for bifurcation lesions are limited in their ability to accom-
modate a wide range of bifurcation angles. Self-expanding
Nitinol strives to achieve its pre-set configuration and thus
undesired gaps might be created between the stent and the
vessel wall after expansion. Also, currently available balloon
expandable stents are limited in their ability to adopt the local
anatomical configuration.

To overcome this problem, a “’kissing balloon” technique is
often used. In this technique two angioplasty balloons are
simultaneously inflated in the main vessel and the side branch
with the objective of obtaining good wall apposition of the
stents. This technique is currently the best method available.
However, the two balloons are inserted into the artery over
conventional metallic guidewires that affect the local geom-
etry at the bifurcation site and suppress the real bifurcation
angle. Once the balloons and the wires are pulled out, the side
branch angle is restored to its original position and this can
leave a gap between the stent and the arterial wall.

For these reasons and others, the current treatment for
bifurcation lesions is limited in the complexity of lesions that
can be treated as well as the long term clinical benefits pro-
vided to patients. At least some of these objectives will be met
by the present invention.

BRIEF SUMMARY OF THE INVENTION

The present invention provides methods and devices for the
placement of a stent in a bifurcation or ostial lesion. The term
“bifurcation” in this patent includes all types of bifurcation
lesions and lesions near bifurcations in the vessels. The
phrases “bifurcation ostium area” and “ostial lesion” apply to
all types of lesions including those located at aorto-ostial and
anastomosis sites.

A main body portion of a balloon expandable stent is
designed to expand and support the main vessel while a
flaring portion is designed to open into and support a side
branch vessel and/or bifurcation ostium area at least partially
in response to expansion of the main body. The term “flaring
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portion” used in this application refers to a portion of the stent
that protrudes outwardly from the stent surface after the stent
has been expanded, i.e., it is no longer radially collapsed.
Expansion of the flaring portion can be achieved with the use
of'a single balloon disposed in the main body of the stent and
without the need for an additional balloon that is placed in the
flaring portion.

In a first aspect, embodiments of the present invention
provide an expandable stent for deployment at a vascular
bifurcation. The vascular bifurcation has a side vessel branch-
ing from a main vessel, typically at an acute angle in a distal
direction. The stent comprises a main body for expansion into
the main vessel and a flaring portion disposed on a side of a
main body. The main body defines a main body axis. The
flaring portion is adapted to flare radially and offset the main
body axis in response to expansion of the main body into the
main vessel. The flaring portion comprises at least one distal
wing and at least one proximal wing. Each wing is aligned
along the axis of the main body. The at least one proximal
wing is longer than the at least one distal wing.

In many embodiments, the at least one distal wing and the
at least one proximal wing are configured to open at different
angles relative to the axis of the main body when the flaring
portion flares radially into the side branch vessel. The at least
one proximal wing may be configured to open to a greater
angle relative to the main body than the at least one distal
wing.

In many embodiments, the stent further comprises at least
one connector disposed between the main body and the
wings. The at least one connector deforms in response to
expansion of the main body to cause the wings to flare radi-
ally. The at least one distal wing and the at least one proximal
wing may each comprise a base and sides. The at least one
connector may be disposed between the main body and the
base of each wing. As explained below, the at least one con-
nector generally transfers displacement and expansion forces
from the main body to the flaring portion during expansion of
the main body. A radiopaque marker may be disposed above
the base and between the sides. The at least one distal wing
and the at least one proximal wing may further comprise
struts extending from the sides of each wing. These struts
provide coverage of a side branch ostium when the wing is
opened into the ostium.

The expandable stent may be balloon expandable or self-
expanding. The flaring portion may flare at an angle in the
range from 10 to 150 degrees relative to the main body axis
when the main body is expanded. Flaring of the stent flaring
portion in the present invention is typically achieved by a
leverage mechanism, e.g., the connector. The leverage
mechanism is connected between the main body and the
flaring portion and therefore, as the main body expands, the
leverage mechanism is also displaced. This displacement and
the corresponding expansion forces are then transferred from
the main body during expansion along the leverage mecha-
nism to the flaring portion. The leverage mechanism can be a
part of the stent pattern which is designed to deflect forces and
lift the side portion. The leverage mechanism can also be a
portion of the main stent body or a portion of the side branch
support structure.

Also, the flaring portion of the stent may comprise a proxi-
mal and distal portion. The dimensions of the leverage
mechanism may be modified to make it stiffer which permits
greater transfer of force and displacement from the main body
during expansion to the distal flaring portion. Therefore, the
leverage mechanism deflects the distal portion more than the
proximal portion, thereby flaring the distal portion at a greater
angle than the proximal portion.
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The stent may also comprise a therapeutic agent disposed
over at least a portion of the balloon expandable stent. The
therapeutic agent may be coated on the stent or sequestered in
a polymeric layer or other carrier added to the stent. The
therapeutic agent is delivered to at least a portion of the lesion,
particularly the main vessel lesion, side branch lesion or side
branch ostium and the therapeutic agent helps to reduce res-
tenosis or inflammation post stent implantation.

Embodiments of the invention may also provide a stent
delivery system for the expandable stent. The delivery system
comprises the expandable stent and a delivery catheter. The
delivery catheter comprises a shaft and an inflatable balloon.
The shaft has a proximal end and a distal end. The inflatable
balloon is disposed near the distal end of the shaft. The stent
is disposed on the balloon with the distal end of the stent
facing distally and a proximal end of the stent facing proxi-
mally.

In another aspect, embodiments of the invention provide a
method for deploying a stent at a vascular bifurcation. A main
body of the stent is positioned in a main vessel of the bifur-
cation. A distal wing and a proximal wing are opened from the
main body into a side vessel of the bifurcation. The distal
wing is shorter than the proximal wing so that there is greater
coverage on a proximal surface of the side vessel by the
proximal wing than on the distal surface of the side vessel by
the distal wing.

The vascular bifurcation defines a proximal intersection
angle between the main vessel and the side vessel. The proxi-
mal wing may be opened to an angle corresponding to the
proximal intersection angle. The vascular bifurcation also
defines a transition zone or ostium between the main vessel
and the side vessel. The transition zone has a distal radius of
curvature and the distal wing may be opened to an angle
corresponding to the distal radius of curvature.

In many embodiments, a side branch stent is positioned at
the side vessel. The side branch stent has a proximal end and
a distal end. The proximal end of the side branch stent is
positioned adjacent the bifurcation. The side branch stent is
expanded. Greater coverage on the proximal side of the vessel
by the proximal wing than on the distal side of the side vessel
by the distal wing minimizes the gap between the proximal
end of the side branch stent and the proximal and distal wings
of the main body.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a two-dimensional representation of a bifur-
cation stent, unrolled and flattened.

FIG. 2 shows the wings and connecting struts of the stent
illustrated in FIG. 1.

FIG. 3 shows the bifurcation stent of FIG. 1 mounted on a
balloon.

FIGS. 4-6 show the bifurcation stent at the bifurcation site
before, during and after expansion.

FIG. 7 shows a two-dimensional representation of another
bifurcation stent design, unrolled and flattened.

FIG. 8 shows radiopaque markers on the stent.

FIG. 8a shows a two-dimensional representation of
another bifurcation stent design lengthened with additional
connector struts and with four radiopaque markers.

FIG. 9 shows the mid-stent area of a bifurcation stent first
to expand.

FIG. 10 shows a two-dimensional representation of an
ostial stent, unrolled and flattened.

FIG. 11 shows an end portion of the stent in FIG. 10.

FIG. 12 shows the wings and connecting struts of the stent
in FIG. 10.
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FIG. 13 shows the ostial stent of FIG. 10 mounted on a
balloon.

FIGS. 14-16 show an ostial stent at a bifurcation site
before, during and after expansion.

FIGS. 17-19 show an ostial stent at a bifurcation site with
an angle between the branching vessels, before, during and
after expansion.

FIG. 20 illustrates the angle of the flaring portion when
disposed on a side of the main body.

FIG. 21 illustrates the angle of the flaring portion when
disposed on an end of the main body.

FIG. 22 shows a two-dimensional representation of an
unrolled and flattened bifurcation stent according to embodi-
ments of the invention.

FIG. 22a shows a side view of the expanded configuration
of the stent of FIG. 22.

FIG. 225 shows a perspective view of the expanded con-
figuration of the stent of FIG. 22.

FIG. 23 shows the stent of FIG. 22 expanded into a bifur-
cation.

FIG. 24 shows the stent of FIG. 22 expanded into a bifur-
cation and a side branch stent expanded into the side branch
vessel of the bifurcation.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is a balloon expandable stent for
bifurcation and ostial lesions. The word bifurcation in this
patent includes all types of bifurcation lesions and lesions
near bifurcations in the vessels or ostial lesions of all types
including aorto-ostial and anastomosis sites.

The stent has a tubular structure and comprises a main body
that is balloon expandable and is capable of supporting a main
vessel. Ithas a portion which flares at least partially into a side
branch vessel and supports the side branch ostium in response
to expansion of the main body, without requiring an addi-
tional deployment balloon. An additional balloon may be
used to complete the deployment if needed.

An example of a bifurcation stent design 10 is shown in
FIG. 1 two-dimensionally, unrolled and flattened. Additional
structural features of stent 10 are also illustrated in FIG. 2 and
FIG. 3 shows the same stent 10 mounted on a balloon 20. The
stent 10 of FIG. 1 comprises a structure 11 designed to radi-
ally expand and a connector 12 between the radially expand-
able structure 11 and a flaring portion 13.

The radially expandable structure 11 is attached to both
sides of connector 12 but does not necessarily form a circum-
ferential ring. The structure 11 expands to support the main
vessel while enabling the connector 12 to open. Connector 12
is designed to have a geometrical preference to deform out-
wardly rather than along the balloon surface. Once the
expandable structure 11 expands and allows the connector 12
to open, connector 12 is deflected outwardly.

Flaring portion 13 in this example comprises two wings 14
shown in FIG. 2 that are interconnected with connecting
struts 15 also shown in FIG. 2. Additional wings may be
added. Alternatively, the wings can be replaced with mean-
dering struts or any other strut design. Wings 14 are attached
to connectors 12 and are deployed outwardly into the side
branch when the connectors 12 deflect. The wings 14 shown
in this example are symmetrical although each one can have
a different size or design to allow better support of different
bifurcation angles. When wings 14 are deployed, connecting
struts 15 are pulled and may add more coverage to the side
branch ostium. The stent further comprises another radially
expandable structure 16 shown in FIG. 1 that expands due to
balloon inflation and supports the main vessel at the mid-stent
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6

area. This area can be designed with many different patterns
to allow coverage of the main vessel.

FIGS. 4, 5 and 6 illustrate a bifurcation stent design 10
undergoing the expansion process. FIG. 4 shows the stent 10
comprising a flaring region 13 crimped over a balloon 20 in a
blood vessel (BV), FIG. 5 shows the stent during expansion
where the flaring portion 13 begins to flare in response to
main body expansion and FIG. 6 shows the fully expanded
stent with the flaring portion 13 extending into a side branch.
FIG. 20 shows a, the angle of the flaring portion relative to a
central axis of the stent, which is in the range from 10 to 150
degrees, and the flaring portion is disposed on a side of the
stent main body.

FIG. 7 shows another stent design 100 containing the simi-
lar structural features as previously described in FIGS. 1 and
2, but with dimensions of structural features varied. In one
embodiment the main stent body has a different stiffness near
its proximal and distal ends as compared to the mid-stent
region. This causes the center of the stent to expand first
during deployment. Deployment of the center of the stent and
the flaring portion can be achieved by altering the design of
the balloon as shown in FIG. 9. One such example is a thinner
balloon wall thickness closer to the center of the balloon 21.
This pushes the flaring portion against the side branch ostium
and it is deployed inside the side branch. Early expansion of
the area near the flaring portion pushes the stent into place
before deploying the flaring portion. The balloon center area
design 21 can be controlled by the wall thickness, mold
design or thermal treatments of the polymer.

Varying the radial stiffness of different areas of the stent
can be achieved in various ways. One option is to reduce the
width of struts (e.g. 106) or their thickness in the stent area
that is closest to the flaring portion. Optionally, longer struts
may be used when lower stiffness is desired. Another possible
way is to increase the spacing between intersecting struts in
areas where less radial stiffness is desired (e.g. 101, 106).

In one embodiment the flaring portion structure 13 is
designed to deploy to a 90 degree angle. In another embodi-
ment the flaring portion 13 is designed to be deployed to
various pre-determined angles. In yet another embodiment
the flaring portion 13 is tilted at varying angles to fit the
bifurcation angle anatomy. An additional way to control the
degree of flaring is by applying different inflation pressures to
the main body of the balloon used for stent expansion.

In an alternative embodiment the stent is symmetrical and
therefore both wings 14 of the flaring portion 13 deploy in the
same way and to the same angle. Alternatively the stent 10
may not be symmetrical which causes the distal area of the
flaring portion 13 to deploy at a greater angle than the proxi-
mal area of the flaring portion 13. This can be achieved by
transmitting less force on the connecting strut 12 at the proxi-
mal side which in turn deflects less and therefore lifts the wing
14 to a lower angle.

An example of a way to transmit less force along the
connecting strut 12 is to make the radially expandable struc-
ture 11 weaker by using radially expandable structure struts
that are either longer, thinner or both. Similarly, stiffening
connecting strut 12 on the distal side transmits more force and
therefore deflects more thereby lifting the distal wing 14 to a
greater angle than the proximal wing. Alternatively, the wings
14 may have different designs to allow for different properties
and also to maximize other benefits such as selective drug
delivery for example.

In another embodiment the stent may comprise radiopaque
markers to assist accurate positioning of the stent. For
example, in FIG. 8, radiopaque markers (30) fabricated from
radiopaque materials such as gold, platinum, tantalum and the
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like, can be attached to the stent 10 at different locations and
can be viewed via fluoroscopy. FIG. 7 shows an example of a
stent where the wings 114 of the flaring portion are designed
to include a marker welded or otherwise attached to the stent.
Preferred locations for these radiopaque markers are the
wings 114 of the flaring portion. Having radiopaque markers
placed on each of the wings 114 of the flaring portion will
assist the physician in determining where the flaring portion
is positioned relative to the side branch before stent expansion
as well as helping to position the stent accurately. It will also
enable the physician to see the flaring portion deployed into
the vessel side branch. This is advantageous because not only
does it help the physician to identify the side branch location
but also helps in placing a second stent or re-guidewiring the
side branch for post deployment treatments of the side branch
area. Multiple radiopaque markers 308 may be attached to the
flaring region in order to further enhance visibility as illus-
trated in FIG. 8a, which shows four radiopaque markers.

The stent can be made from biocompatible alloys such as
stainless steel, cobalt chromium, titanium, nickel titanium
alloys, niobium alloys or any other material suitable for use in
body implants. The stent may further include graft materials
such as PTFE or polymer membranes. The stent may be
coated with an anti-inflammatory drug or other therapeutic
agents with or without a polymer. The use of self-expanding
materials such as nickel titanium alloys is optional but not
necessary for the functionality of the stent and the self-open-
ing of the flaring portion. The stent can be made of resorbable
or absorbable materials such as different polymer formula-
tions, magnesium alloys and other materials that are resorb-
able or absorbable under body conditions.

FIGS. 1 and 2 also illustrate another embodiment where the
stent 10 comprises three sections, a stent main body, a flaring
portion 13 and an optional leverage mechanism 12 or 15
connecting the main body and the flaring portion 13. The
leverage mechanism 12 or 15 is designed to connect the
flaring portion 13 and the main body in a way such that forces
and displacement resulting from the partial expansion of the
stent main body or the inflation of the main body balloon are
transferred and utilized to expand the flaring portion 13. The
leverage mechanism 12 or 15 may be integrated with the
design of the flaring portion 13 or the main body to help
deploy the flaring portion 13 once the main body balloon is
inflated, and can be fabricated in the same way as the rest of
the stent. For example, the entire stent pattern including the
side portion and the leverage mechanism may be laser cut
from a tube.

In yet another embodiment of the invention the main body
and the flaring portion share the same pattern or same pattern
features. These two portions of the stent are connected by a
leverage mechanism with different design features aimed to
deploy the flaring portion by leveraging the geometrical
changes and forces resulting from the main body expansion.

In another embodiment the flaring portion expansion
occurs before the completion of the main body expansion. In
this embodiment the side branch portion expansion helps the
positioning and the alignment of the stent in the bifurcation
area and allows the stent system to acquire the angle of the
bifurcation and comply with the local anatomy.

In one embodiment the main body of the stent has more
than a single pattern. In this case the area of the stent that is
close to the flaring portion has a different pattern than the
areas of the stent that are further away from the flaring por-
tion. The flaring portion may have either one of these patterns,
a different pattern or no pattern at all.

In another embodiment the stent design allows the use of a
delivery system with a single balloon without the need for

10

15

20

25

30

35

40

45

50

55

60

65

8

additional means for deploying the flaring portion. In this
embodiment the profile of the system can be very low as
compared to other bifurcation stent systems and is typically
lower than 0.06," preferably lower than 0.05" and usually
lower than 0.04" which is a typical profile of conventional
stents not dedicated to bifurcation lesions. This low profile
can be achieved due to the design of the stent and the auto-
matically deployed flaring portion.

Inanother embodiment the stent can be coated with various
coatings including biocompatible oxide layers such as Ir
oxide and the like, drug containing polymer coatings whether
biodegradable or not, or drug molecules, that can help reduce
restenosis or minimize inflammation or impact biological
processes in the vessel with a beneficial outcome for the
patient.

In another embodiment the stent has a crimped configura-
tion and an expanded configuration. Usually in the crimped
configuration the flaring portion is crimped with the stent but
is not necessarily flush with the crimped main stent body
because struts in the flaring portion are not necessarily flush
with the crimped cylindrical surface of the stent. Sometimes
the flaring portion can be crimped flush with the main body of
the stent.

In yet another embodiment the stent has a crimped con-
figuration and an expanded configuration, whereas in the
crimped configuration the proximal and distal ends of the
stent are crimped to a smaller diameter than the middle area of
the stent.

Now turning to FIG. 8a, another embodiment is illustrated
with additional radiopaque markers 308 in the flaring region
and additional struts 310 which lengthen the stent body. FIG.
8a illustrates a bifurcation stent 300 two-dimensionally,
unrolled and flattened. The stent 300 of FIG. 8a comprises a
structure 301 designed to radially expand and a connector 302
between the radially expandable structure 301 and the flaring
portion of the stent 305 and 313. The radially expandable
structure 301 is attached to one side of connector 302 but does
not necessarily form a circumferential ring. The radially
expandable structure 301 expands to support the main vessel
while enabling connector 302 to open. Connector 302 is
designed to have a geometrical preference to deform out-
wardly rather than along the balloon surface. Once the
expandable structure 301 expands and allows the connector
302 to open, connector 302 is deflected outwardly.

A flaring portion of the stent comprises four wings 313
shown in FIG. 8a that are interconnected with connecting
struts 305 which also flare and form part of the flaring portion.
The wings 313 are attached to connectors 302 and are
deployed outwardly into the side branch when the connectors
302 deflect. The wings 313 shown in this example are sym-
metrical although each one can have a different size or design
to allow better support of different bifurcation angles. When
wings 313 are deployed, connecting struts 305 are pulled
inward and may add more coverage to the side branch ostium.

Many delivery systems used to treat a bifurcation lesion
have a side sheath or a side branch guidewire that is placed in
the side branch. In most cases the side sheath or side branch
wire passes beneath the proximal side of the stent and exits
through the side opening of the stent. In this embodiment, the
side branch sheath or guidewire passes beneath the proximal
wing 313 and over the distal wing 313, which could interfere
with distal wing deployment. Having four wings 313 is
advantageous because it creates a space in between the wings
313 and permits the side branch catheter sheath or guidewire
to be deployed into the side branch without interfering with
the wings 313.
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The stent further comprises another radially expandable
structure 306 shown in FIG. 8a that expands due to balloon
inflation and supports the main vessel at the mid-stent area.
This area can be designed with many different patterns to
allow for coverage of the main vessel.

Wings 313 have also been modified so that the stent may
further comprise radiopaque markers to assist accurate posi-
tioning of the stent. For example, in FIG. 8a, radiopaque
markers 308 fabricated from radiopaque materials such as
gold, platinum, tantalum and the like, can be attached to the
stent 300 on the wings 313. The markers 308 may be attached
to the wings 313 by swaging, welding, or fusing, for example.

These four markers 308 are advantageous because they
assist the physician in viewing the flaring portion of the stent
relative to the side branch before stent expansion as well as
helping to position the stent more accurately. It will also
enable the physician to see the flaring portion deployed into
the vessel side branch. This is advantageous because not only
does it help the physician to identify the side branch location
but also helps in placing a second stent or re-guidewiring the
side branch for post deployment treatments of the side branch
area. Additionally, having four markers on the stent enables
the physician to determine the stent rotational orientation
under fluoroscopy prior to stent deployment. When all four
markers can be detected, this is an indication that the stent
side portion is either facing the fluoroscopy screen or facing
180 degrees the other way. The physician can then torque the
device and rotate it until only two markers are observed,
indicating a side view, facing the ostium direction thereby
confirming that the stent is properly aligned for deployment.

The basic stent design described herein results in a rela-
tively short stent, typically six to eight millimeters long. Fur-
thermore, the architecture of the stent can be designed to
foreshorten during stent deployment and cause movement of
the struts toward the bifurcation area resulting in more sup-
port to the bifurcation area.

In main vessels, the average lesion length is about 15
millimeters and most lesions are in the range of 10 to 20
millimeters. Placing a short stent at the bifurcation site often
will require placing additional stents both proximally and
distally to the bifurcation stent. This is difficult and undesir-
able since additional stents may entangle as they pass through
the delivered stent. For this reason, it is desirable to add length
to the stent both proximally and distally and provide stent
designs that vary in length typically between 10 and 20 mil-
limeters. An additional lengthening structure can be added to
the stent symmetrically around the side portion or may be
added to proximal or distal sections of the stent. This addi-
tional structure can be designed with many different geom-
etries that support a vessel wall.

Many such geometries have been described previously. A
common design for example comprises rows of sinusoidal
rings that are radially collapsed prior to expansion and radi-
ally opened upon balloon expansion. These sinusoidal rings
are commonly interconnected with a variety of connector
designs. The connector design either allows stent foreshort-
ening during expansion or the connector design allows stent
lengthening during expansion. For example, when rows of
sinusoidal rings are placed peak-to-peak and a connector
joins adjacent peaks of the rows, the stent will foreshorten
during expansion. On the other hand, if the adjacent rings are
interconnected with a connector between adjacent valleys,
the stent will lengthen during expansion. Thus, additional
rows may be added to produce a stent that lengthens during
expansion to compensate for foreshortening around the stent
side portion and provides a length in the range of 10 to 20
millimeters.
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FIG. 8a illustrates additional struts 310 which connect
adjacent radially expandable structures 301 so that the stent
lengthens during expansion, as describe above. FIG. 8a
shows the radially expandable structures 301 symmetrical on
both side of the stent 300. However, either the proximal or
distal end may comprise additional radially expandable struc-
tures 301 with a strut 310 in between adjacent radially
expandable structures 301 to produce varying length stents.
Additionally, all of the modifications and variations discussed
above for other bifurcation stents may be applied to the
embodiment of FIG. 8a.

In another embodiment the stent 200 of FIG. 10 has a
crimped configuration and an expanded configuration. In the
crimped configuration the proximal area of the stent is
crimped to a first diameter and the distal area of the stent is
crimped to a second, smaller diameter. Also, the proximal
area of the flaring portion 203 is flush with the stent proximal
area and distal area of the flaring portion 203 is also flush with
the stent distal area. An example of such a stent design 200 is
shown in FIGS. 10-13, where FIGS. 10-12 shows a two-
dimensional view of the stent 200 and FIG. 13 shows the same
stent 200 mounted on a balloon 20.

In another embodiment, FIGS. 10-13 describe an example
of an ostial stent design 200, similar to the bifurcation design
10 previously discussed. The ostial stent design 200 com-
prises a structure 201 shown in FIG. 10 which is designed to
expand, a connector 202 that connects between the radially
expandable structure 201, and an edge portion 203 shown in
FIG. 11. The radially expandable structure 201 is made of
elements that do not necessarily form a circumferential ring
and hang on both sides of the connector 202. The structure
expands to support the side branch vessel while enabling the
connector 202 to open.

Connector 202 is designed to have a geometrical prefer-
ence to deform outwardly rather than along the balloon sur-
face. Once the expandable structure 201 expands and allows
the connector 202 to open, the connector 202 is deflected
outwardly. The edge portion 203 comprises two wings 204
shown in FIG. 12 that are interconnected with connecting
struts 205. These wings 204 are located on the connectors 202
and are deployed outwardly into the side branch ostium when
the connectors 202 deflect. The wings 204 shown in this
example are symmetrical although each one can have differ-
ent size or design to allow better support of different bifurca-
tion angles. An example of an alternate wing design com-
prises meandering struts. When the wings 204 are deployed,
the connecting struts 205 are pulled and may provide more
coverage to the side branch ostium.

The stent 200 further comprises another radially expand-
able structure 206 shown in FIG. 10 that expands due to
inflation of the balloon and supports the side branch vessel at
the stent area close to the ostium. This area of the stent can be
designed with many different patterns to allow coverage of
the side branch vessel.

In another embodiment the stent may consist an array of
connectors 202 attached directly to each other without the
expandable structure 201. In this case the stent 200 may
include more then two connectors 202. The number of con-
nectors may be two to six, or more.

FIGS. 14-16 illustrate the process of ostial stent expansion.
FIG. 14 shows the stent 200 crimped over a balloon 20 in a
blood vessel BV while FIG. 15 shows the stent edge portion
203 deployed after the stent 200 has been expanded. FIG. 16
shows the fully expanded stent 200 after the balloon 20 is
withdrawn. FIG. 21 shows a., the angle of the flaring portion
relative to a central axis of the stent, and is in the range from
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10 to 150 degrees. In FIG. 21, the flaring portion is disposed
on an end of the stent main body.

In another embodiment the main stent body has a different
stiffness near the distal end than the area of the stent closer to
the ostium. This results in the stent area closer to the ostium to
expand first. Deployment of the distal area of the stent and the
edge portion can be achieved by altering the design of the
balloon to have a larger diameter at the edge portion area.
Another example is a thinner balloon wall thickness closer to
the edge portion of the stent. This way the edge portion is
pushed against the side branch ostium. Early expansion of the
area near the edge portion pushes the stent into position
before deploying the stent main body. Balloon distal area
design can be controlled by the wall thickness, mold design or
thermal treatments of the polymer.

Differences in the radial stiffness in different regions of the
stent can be achieved by various means. One option is to
reduce strut width or thickness in the stent area closest to the
edge portion. Another option is to use longer struts where
lower stiffness is desired. Another possible way is to increase
the spacing between intersecting struts in areas where less
radial stiffness is desired.

In one embodiment the edge portion structure is designed
to deploy to a 90 degree angle. In another variation, the edge
portion is designed to be deployed in various pre-determined
angles. Optionally, the edge portion may be tilted at different
angle to accommodate small bifurcation angle anatomy. An
additional way to control the degree of flaring is by applying
different inflation pressures to different sections of the stent
with the balloon used for stent expansion.

In another embodiment the stent is symmetrical and both
wings 204 of the edge portion 203 deploy the same way and
at the same angle. Alternatively the stent may not be sym-
metrical, thus the distal area of the edge portion 203 deploys
at a greater angle relative to the proximal area of the flaring
portion. This can be achieved by transmitting less force on the
connecting strut 202 at the proximal side which in turn will
deflect less and lift the wing 204 to a lesser angle.

An example of a way to transmit less force on the connect-
ing strut 202 is to make the radially expandable structure 201
weaker by making the radially expandable structure struts
either longer or thinner or both. Similarly, stiffening connect-
ing strut 202 on the distal side transmits more force and
therefore deflects more thereby lifting the distal wing 204 to
a greater angle than the proximal wing. Alternatively the
wings 204 may have different designs to allow for different
properties and also to maximize other benefits such as selec-
tive drug delivery for example. FIGS. 14-16 show the wings
204 opposed to one another. The number of wings can vary
from one to eight wings, preferably two to four wings.

When the side branch take off angle is less then 90 degrees
the ostium morphology is not cylindrically symmetrical as
shown in FIGS. 17-19. In order to accommodate that mor-
phology the stent 200 may have an angulated geometry,
meaning that the crimped stent profile is cut at an angle at the
proximal end (FIG. 17). The wings 204 may be gradual and
asymmetrical around the stent axis, thus one wing is closer to
the stent distal end than the other. When the stent 200 is
deployed in the blood vessel (BV) with a balloon (20), the
wings 204 comply with the ostium angulation as shown in
FIGS. 17-19.

The wings can also differ in length since the distal side of
the ostium is longer than the proximal side. The profile of the
distal side of the ostium is different than the profile of the
proximal side of the ostium. The wings can assume the same
or different profiles in order to accommodate different ostial
regions.
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FIGS. 22 and 22a show a bifurcation stent design 10a. F1G.
22 shows the bifurcation stent 10a two-dimensionally,
unrolled and flattened. FIGS. 22a and 225 respectively show
the bifurcation stent 10q in its radially expanded configura-
tion in side and perspective views. The stent 10q is generally
similar to the stents described above, for example, stents 10
and 300. The stent 10a comprises a radially expandable struc-
ture 11 and a flaring portion 13. A principal difference
between the stent 10a and the above described stents is that
the proximal wing 14a and distal wing 145 of the flaring
portion 13 have different lengths. As shown in FIGS. 22 and
22a, the proximal wings 14a are longer than the distal wings
14b.

Stent 10a further comprises a U-shaped connecter 12
between the radially expandable structure 11 and the flaring
portion 13. Stent 10a will typically have a unitary construc-
tion, e.g., the entire stent pattern including the radially
expandable structure 11, the connecter 12, and the flaring
portion 13 may be laser cut from a single tube. The radially
expandable structure 11 is attached to both sides of the con-
nector 12 but does not necessarily form a circumferential
ring. The radially expandable structure 11 expands to support
the main vessel. The connector 12 is designed to have a
geometrical preference to deform outwardly rather than along
the surface of a balloon used to expand the structure 11. That
is, the struts of connector 12 are sized and arranged so that
connector 12 deforms outwardly in response to a radially
outward dilation force, for example, the expansion of a bal-
loon. The expansion of the structure 11, typically by the
expansion of a balloon, will cause the connector 12 to open
and deflect outwardly, outwardly deflecting the flaring por-
tion 13 into a side branch vessel. In some instances, the flaring
portion 13 may be expanded by a separate balloon inflation
from that which expands the structure 11. For example, a
separate balloon inflation may be used to expand flaring por-
tion 13 if deployment of the radially expandable structure 11
had not caused the plaque underlying flaring portion 13 to be
adequately compressed.

Many prior stent flaring regions, for example, those
described in U.S. Pat. Nos. 5,607,444, 5,868,777, PCT Pub-
lication Nos. WO 00/44319 and WO 03/105695, rely on
having weakened or thinner regions which are bent as the
stent is expanded. However, these weakened or thinner
regions may provide weaker or inadequate support for ostial
lesions in bifurcations. The U-shaped connector 12 is instead
designed to have a geometrical preference to deform out-
wardly rather than along a balloon surface.

The stent 104, including the structure 11, the connector 12,
and the flaring portion 13, will typically have a uniform
thickness. While the thickness and width of the struts of the
structure 11 are generally equal, the width of the connector 12
is designed to be greater than its thickness. The greater width
to thickness ratio increases the moment of inertia of the con-
nector 12. For example, the width to thickness ratio of the
struts of structure 11 may be about 1 (e.g., the struts are about
0.1 mm wide and about 0.1 mm thick) while the width to
thickness ratio of connector 12 may be about 2.6 (e.g., con-
nector 12 is about 0.26 mm wide and about 0.1 mm thick).
Balloon expansion applies a dilation force on stent 10a,
including the structure 11 and the connector 12. Enlarging the
width of connector 12 increases its moment of inertia along
the balloon surface and thus also its resistance to deforming
along the balloon surface. Generally, the greater the width of
connector 12, the greater the balloon dilation force required to
open the connector 12. At certain thickness to width ratios, the
resistance of connector 12 to deform along the balloon sur-
face is greater than the resistance to deform outwardly. Thus,
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balloon dilation forces will cause the connector 12 to deform
outwardly. On the other hand, the connectors connecting
adjacent struts of the structure 11 lack the required thickness
to width ratio to deform outwardly and therefore deform
along the balloon surface.

Flaring portion 13 comprises wings 14a and 145. As shown
in FIG. 22, the proximal wing 14« and the distal wing 145
each comprise two wings. However, the proximal wing 14a
and the distal wing 145 may each comprise more than two
wings or may each comprise a single wing. Flaring portion 13
may also comprise supporting struts 17 which provide sup-
port to the ostium when expanded. High dilation forces, for
example, in the order of about 10 to 15 atm, may be required
to deploy the flaring portion 13 and to overcome plaque
resistance in the side branch vessel and ostium. The greater
the width of the wings 14a and 145, the greater their moment
of inertia and the greater the dilation force distributed to the
supporting struts 17. Also, greater widths of the wings 14a,
145 can require greater dilation forces for the connector 12 to
open. Thus, the connector 12 may be designed to distribute
dilation forces more toward the wings 14a and 1456. The
connector 12 may comprise a twisting portion 12¢ and a leg
portion 1256. The twisting portion 12a is positioned near the
wings 14a and 145 while the leg portion 125 is positioned
closer to structure 11. The leg portion 125 may be designed to
be wider and/or longer and thus stiffer than the twisting
portion 12a. Thus, outward deformation of the connector 12
may occur primarily in the twisting portion 12a. The leg
portion 125 also increases the torque applied to open the
connector 12, reducing the balloon dilation force needed to
open the connector 12.

The size of the connector 12 and its width to thickness ratio
are proportional to the dilation force required to expand the
flaring portion 13. Thus, the size of connector 12 and its width
to thickness ratio can be scaled. For example, if the stent 10a
is designed for small side branch vessels and does not include
the supporting struts 17, the size of connector 12 and its width
to thickness ratio can be smaller. Another example is an ostial
stent, such as ostial stent 200, wherein a flaring portion is
located at an end of the stent. Such an ostial stent may com-
prise a row of smaller U-shaped connectors, each of them
deploying a smaller wing and therefore requiring a lesser
balloon dilation force.

FIG. 23 show the bifurcation stent 10a expanded into a
bifurcation. The main body of stent 10a is expanded into main
blood vessel BV while the wings 14a, 145 are expanded to
contact at least the walls of the side branch ostium. The
bifurcation stent 10a and the radially expandable structure 11
define a main body axis 231. When the stent 10a is expanded
to support vessel BV, the main body axis 231 is parallel to the
longitudinal axis of the main blood vessel BV. The longitu-
dinal axis 232 of the side branch vessel SB is also shown in
dotted line for ease of understanding. The intersection
between the side branch vessel SB and the main blood vessel
BV defines a proximal intersection angle 230a and a distal
intersection angle 2305. The longer proximal wings 14a open
to an angle 250 which corresponds to the proximal intersec-
tion 230a.

There is also a transition zone or ostium between the side
branch vessel SB and main blood vessel BV. This transition
zone defines a proximal transition angle 240a and a distal
transition angle 2405. The proximal transition angle 240a and
the distal transition angle 2405 respectively have a proximal
and distal radius of curvature. The shorter distal wings 145
open to an angle 255 which corresponds to this distal radius of
curvature. Typically, the longer proximal wings 14a will open
to a greater angle relative to the main body of the stent 10a

30

40

45

14

than the shorter distal wings 1454. For example, as shown in
FIG. 23, the longer proximal wings 14a open to a 130° angle
relative to the main body of the stent 10a while the shorter
distal wings 145 open to a 105° angle relative to the main
body of the stent 10a.

Having the proximal and distal wings 14a, 145 of the stent
10a open to different angles and be of different lengths can
have numerous advantages. When the stent 10a is expanded
into the bifurcation, the proximal wings 14a and the distal
wings 145 can fit more closely with the walls of the side
branch SB and of the ostium. Also ifthe distal wings 145 were
longer, e.g., by being the same length as the proximal wings
14a and extending through dotted line 2354, the distal wings
145 may obstruct blood flow and may limit or prevent access
of additional balloons or stents through the stent 10qa for the
treatment of the side branch SB.

FIG. 24 illustrates another advantage of having the proxi-
mal and distal wings 14a, 145 of the stent 10a open to differ-
ent angles and be of different lengths. FIG. 24 shows a side
branch stent 240 expanded into the side branch vessel SB. The
side branch stent 240 has a proximal end 2414 and a distal end
2415b. The proximal end 241a can be positioned very closely
to the proximal and distal wings 14a, 145 of the stent 10a.
This close positioning can minimize the gap between the
proximal end 241a of the stent 240 and the proximal and
distal wings 14a, 14b of stent 10q, thus minimizing the
chance of restenosis occurring therebetween. This close posi-
tioning can also minimize or even completely avoid any over-
lap between the proximal portion of the side branch stent 240
and the proximal and distal wings 14a, 145 of the stent 10a.
Any protrusion of the side branch stent 240 into main vessel
BV can also be minimized or even completely avoided. Pro-
trusion of the side stent 240 into main vessel BV may limit
blood flow in the main vessel BV and often results in multiple
metal layers in the main vessel. These multiple metal layers
are prone for thrombosis and may limit future access to the
side branch vessel SB ifreintervention is required. The ability
to closely position the side branch stent 240 and the stent 10a
while minimizing gaps and overlap can reduce or even pre-
vent the occurrence of such problems.

In one embodiment, the stents described herein may com-
prise radiopaque markers similar to 30 in another embodi-
ment, to assist with accurate positioning of the stent. An
example is a radiopaque marker made from radiopaque mate-
rial such as gold, platinum, tantalum and the like, that can be
attached to the stent at different locations and can be viewed
via fluoroscopy. Preferred locations for these radiopaque
markers are the wings 204 of the edge portion. Having radio-
paque markers placed on each of the wings 204 of the flaring
portion will assist the physician in determining where the
edge portion 203 is positioned relative to the ostium before
stent expansion as well as helping to position the stent accu-
rately. It will also enable the physician to see the edge portion
203 deployed over the ostium. This is advantageous because
not only does it help the physician to identify the side branch
location but also helps in placing a second stent or
re-guidewiring the side branch for post deployment treat-
ments of the side branch area.

The stent can be made from biocompatible alloys such as
stainless steel, cobalt chromium, titanium, nickel titanium
alloys, niobium alloys or any other material suitable for use in
body implants. The stent may further include graft materials
such as PTFE or polymer membranes. The stent may be
coated with anti-inflammatory drug or other therapeutic
agents with or without a polymer. The use of self-expanding
materials such as nickel titanium alloys is optional but not
necessary for the functionality of the stent and the self-open-
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ing of the edge portion. The stent can be made of resorbable
or absorbable materials such as different polymer formula-
tions, magnesium alloys and other materials that are resorb-
able or absorbable under body conditions.

In one embodiment the stent 200 comprises three sections,
a main stent body, an edge portion 203 and an optional lever-
age mechanism 202 or 205 connecting the main body and
edge portion 203. The leverage mechanism 202 or 205 is
designed to connect the edge 203 portion and the main body
in a way such that forces and displacement resulting from the
partial expansion of the main body or the inflation of the main
body balloon are transferred and utilized to expand the edge
portion 203. Alternatively the leverage mechanism 202 or 205
can be integrated with the design of the edge portion 203 or
the main body to help deploy the edge portion 203 once the
main body balloon is inflated, and can be fabricated in the
same way as the rest of the stent. For example, the entire stent
pattern including the side portion and the leverage mecha-
nism may be laser cut from a tube.

In another embodiment of the invention the main body and
the edge portion share the same pattern or same pattern fea-
tures. These two portions of the stent are connected by a
leverage mechanism with different design features aimed to
deploy the edge portion by leveraging the geometrical
changes and forces resulting from the main body expansion.

In an alternative embodiment, the edge portion expansion
occurs before the completion of the main body expansion.
This helps with positioning and alignment of the stent in the
bifurcation area, allows the stent system to acquire the angle
of'the bifurcation and helps to comply with the local anatomy.

Alternatively, in another embodiment the main body of the
stent has more than a single pattern. In this case the area of the
stent that is close to the location of the edge portion has a
different pattern than areas of the stent further away from the
edge portion. The edge portion may have either one of those
patterns, a different pattern or no pattern at all.

The stent design allows the use of a delivery system with a
single balloon without the need for additional means for
deploying the edge portion. In this embodiment the profile of
the system can be very low when compared to other bifurca-
tion or ostial stent systems and is typically lower than 0.06,"
preferably lower than 0.05" and usually lower than 0.04"
which is a typical profile of conventional stents not dedicated
to bifurcation or ostial lesions. This low profile can be
achieved due to the design of the stent and the automatically
deployed edge portion.

In further embodiments the stent can be coated with vari-
ous coatings including biocompatible oxide layer such as Ir
oxide and the like, drug containing polymer coatings whether
biodegradable or not, or drug molecules, that can help reduce
restenosis or minimize inflammations or impact biological
processes in the vessel with a beneficial outcome for the
patient.

In still another embodiment the stent has a crimped con-
figuration and an expanded configuration. Usually in the
crimped configuration the edge portion is crimped with the
stent but is not necessarily flush with the crimped main body
because the struts of the edge portion are not necessarily flush
with the crimped cylindrical stent surface. However, the edge
portion may be crimped flush with the main body of the stent.
In another variation, the proximal or distal ends of the stent
are crimped to a smaller diameter then the middle area of the
stent.

The methods, catheters, and systems of the present inven-
tion can be utilized to deliver a wide variety of active sub-
stances, including drugs useful for treating a wide variety of
luminal diseases and conditions. The methods and apparatus
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of the present invention are particularly useful for delivering
a wide variety of therapeutic and pharmaceutical agents,
referred to collectively herein as active substances, particu-
larly those suitable for treating vascular and other luminal
conditions. For example, antiproliferative and antimitotic
agents such as paclitaxel or others, anti-inflammatory agents,
immunosuppressive agents such as sirolimus (rapamycin) or
others, antiproliferative and antimitotic antimetabolites such
as folic acid analogs and any other therapeutic agent that can
add benefit to the patient. The active substance may be pro-
vided on or within the stent in a variety of ways. For example,
the active substance may be coated over at least a portion of an
exposed surface of the stent, typically by dipping, spraying,
painting, plasma deposition, electroplating, centrifuge sys-
tems or the like. More typically, however, the active substance
may be incorporated in a polymeric carrier. Suitable poly-
meric carriers may be resorbable, such as those comprising
polylactic acids (PLA), polyglycolic acids (PLG), collagens,
and the like. Alternatively, the polymeric carrier may be a
porous but non-resorbable material.

While the above is a complete description of the preferred
embodiment of the invention, various alternatives, modifica-
tions, additions and substitutions are possible without depart-
ing from the scope thereof, which is defined by the claims.

What is claimed is:

1. An expandable stent for deployment at a vascular bifur-
cation having a side vessel branching from a main vessel, the
stent comprising:

a main body for expansion into the main vessel, wherein
the main body has an outer surface and a main body axis;
and

aflaring portion disposed on one side of the outer surface of
the main body and adapted to flare radially outwardly
from the one side of the outer surface relative to the main
body axis in response to expansion of the main body;

wherein the flaring portion is on said one side only of said
outer surface and the flaring portion consists of one
distal wing and one proximal wing each aligned along
the axis of the main body, and wherein the proximal
wing is longer than the distal wing.

2. The expandable stent of claim 1, wherein the side vessel
branches from the main vessel at an acute angle in a distal
direction.

3. The expandable stent of claim 1, wherein the distal wing
and the proximal wing are configured to open at different
angles relative to the axis of the main body when the flaring
portion flares radially into the side branch vessel.

4. The expandable stent of claim 1, wherein the proximal
wing is configured to open to a greater angle relative to the
main body than the distal wing.

5. The expandable stent of claim 1, further comprising at
least one connector disposed between the main body and the
wings, wherein a connector deforms in response to expansion
of the main body to cause the wings to flare radially.

6. The expandable stent of claim 5, wherein the distal wing
and the proximal wing each comprise a base and sides, and
wherein the connector is disposed between the main body and
the base of each wing.

7. The expandable stent of claim 6, wherein the connector
transfers displacement and expansion forces from the main
body to the flaring portion during expansion of the main body.

8. The expandable stent of claim 1, wherein the distal wing
and the proximal wing each comprise a base, sides, and a
radiopaque marker disposed above the base and between the
sides.

9. The expandable stent of claim 1, wherein the distal wing
and the proximal wing each comprise a base, sides, and struts
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extending from the sides of each wing to the main body to
provide coverage of a side branch ostium when the wing is
opened into said ostium.

10. The expandable stent of claim 1, wherein the expand-
able stent is balloon expandable.

11. The expandable stent of claim 1, wherein the flaring
portion flares at an angle in the range from 10 to 150 degrees
relative to the main body axis when the main body is
expanded.

12. The expandable stent of claim 1, further comprising a
therapeutic agent disposed over at least a portion of the
expandable stent.

13. The expandable stent of claim 12, further comprising a
polymeric layer, wherein the therapeutic agent is sequestered
in the polymeric layer.

14. A stent delivery system comprising:

an expandable stent as in claim 1; and

a delivery catheter comprising:

(a) a shaft having a proximal end and a distal end; and

(b) an inflatable balloon disposed near the distal end of the

shaft;

wherein the stent is disposed on the balloon with the distal

end of the stent faced distally and a proximal end of the
stent facing proximally.
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